Introduction {#S0001}
============

Chemotherapy-induced nausea and vomiting (CINV) belongs among the most burdensome and feared side effects of chemotherapy in hemato-oncological treatment and drastically reduces the patients' quality of life.[@CIT0001],[@CIT0002]

CINV is divided into two phases: the acute (0--24hrs after the administration of chemotherapy) and the delayed (\>24--120hrs) CINV phase. The pathogenesis of CINV is mainly mediated by stimulation of different neurotransmitter receptors by chemotherapeutic agents: the 5-hydroxytryptamine-3 receptor (5HT~3~R), the neurokinin-1 receptor (NK~1~R) and the dopamine receptor D~2~. The activation of these receptors induces peripherally or centrally caused CINV.[@CIT0003]

A chemotherapeutic agent's emetogenic potential is classified according to the risk of emesis in the absence of antiemetic prophylaxis. The Pediatric Oncology Group of Ontario (POGO) has proposed a 4-stage risk classification system for pediatric patients: minimal, stage 1 (\<10% emesis risk); low, stage 2 (10--\<30%); moderate, stage 3 (30--90%) and high, stage 4 (\>90%).[@CIT0004] International guidelines currently recommend a comprehensive antiemetic prophylaxis with corticosteroids (eg, dexamethasone), a 5-HT~3~R antagonist (eg, ondansetron or granisetron) and an NK~1~R antagonist (eg, aprepitant or fosaprepitant), for adult and pediatric patients undergoing moderately or highly emetogenic chemotherapy.[@CIT0002],[@CIT0005],[@CIT0006]

Granisetron is a highly selective 5-HT~3~R antagonist which is both well tolerated by pediatric patients and effective as CINV prophylaxis.[@CIT0007],[@CIT0008] A study with healthy subjects did not identify any effects on granisetron's pharmacokinetic properties from the concomitant administration of aprepitant.[@CIT0009]

It was shown in positron emission tomography analyses of the NK~1~R occupancy, that over 90% of the NK~1~R in the brain are blocked for at least 48hrs after the administration of intravenous fosaprepitant; different comparative studies which included adult or pediatric patients, showed that single-dose fosaprepitant prior to chemotherapy, was just as effective as a three-day, oral antiemetic prophylaxis with aprepitant.[@CIT0010],[@CIT0011] CINV control has significantly improved following the approval of aprepitant/fosaprepitant.[@CIT0012]--[@CIT0014]

Randomized clinical trials have proven the safety and good efficacy of a CINV prophylaxis regimen with aprepitant or fosaprepitant for adult and pediatric patients after emetogenic chemotherapy, during both the acute and delayed CINV phases.[@CIT0013],[@CIT0015],[@CIT0016] However, there is few data on pediatric patients receiving an antiemetic prophylaxis with fosaprepitant during moderately or highly emetogenic chemotherapy.[@CIT0011],[@CIT0016],[@CIT0017]

Based on fosaprepitant's favorable properties, in terms of safety and efficacy, for adult patients and those of oral aprepitant in pediatric patients, the standard CINV prophylaxis regimen used for pediatric patients receiving moderately or highly emetogenic chemotherapy in the University Children's Hospital Tübingen was gradually changed from a regimen of granisetron with or without dexamethasone, to a prophylaxis regimen with additional single-dose intravenous fosaprepitant directly before the first administration in the respective chemotherapy course of a moderately or highly emetogenic chemotherapeutic agent.

The primary objective of this work was to analyze these patients' data in order to evaluate the efficacy, safety and feasibility of an antiemetic prophylaxis regimen with single-dose intravenous fosaprepitant and granisetron, with or without dexamethasone, in comparison to the standard prophylaxis regimen of granisetron with or without dexamethasone for pediatric patients receiving moderately and highly emetogenic chemotherapy.

Patients And Methods {#S0002}
====================

Compliance With Ethical Standards {#S0002-S2001}
---------------------------------

This analysis was performed in accordance with the Helsinki declaration and with the standards of the institutional ethics committee. This is a non-interventional observation study in accordance with the directive 2001/20/EC of the European Parliament and of the council of 4 April 2001 on the approximation of the laws, regulations and administrative provisions of the member states relating to the implementation of good clinical practice in the conduct of clinical trials on medical products for human use. Formal informed consent of the patients and an ethics vote of the institutional ethics committee are therefore not required for this study.[@CIT0018] Baseline demographics, clinical factors, and survival rates were abstracted from clinical and research records on all patients and maintained on a prospective basis.

Study Background And Design {#S0002-S2002}
---------------------------

The standard CINV prophylaxis regimen of granisetron, with or without dexamethasone, which had been used in the study center's children's hospital, was gradually changed during 2016 to a prophylaxis regimen with single-dose intravenous fosaprepitant for pediatric patients undergoing moderately or highly emetogenic chemotherapy. Initially, a weight-adapted fosaprepitant dosage (4.0 mg/kg bodyweight) was used for patients \>12 years of age, in accordance with the MASCC/ESMO guidelines' dosing recommendations for adult patients.[@CIT0002] After these patients demonstrated a good tolerability to fosaprepitant, younger patients (0.5--12 years) were also gradually moved to this prophylaxis regimen. In March 2018, the European Medicines Agency (EMA) reported a positive benefit-risk-ratio for fosaprepitant as CINV prophylaxis in pediatric patients (0.5--17 years of age).[@CIT0019] In April 2018, fosaprepitant was approved for pediatric patients (0.5--17 years of age) by the US Food and Drug Administration.[@CIT0014]

The primary objective of this analysis was to evaluate the safety, efficacy and feasibility of an antiemetic prophylaxis regimen using fosaprepitant and granisetron, with or without dexamethasone, during moderately and highly emetogenic chemotherapy, compared to a standard regimen of only granisetron, with or without dexamethasone, for pediatric patients.

The data of all the pediatric patients who met the inclusion criteria and had received a CINV prophylaxis regimen with granisetron and fosaprepitant with or without dexamethasone, between August 2016 and September 2017 in the University Children's Hospital Tübingen were analyzed (fosaprepitant group; FG) and compared with a pediatric cohort (control group; CG) who met the inclusion criteria and had received the standard CINV prophylaxis regimen of granisetron with or without dexamethasone, between August 2015 and July 2016.

The inclusion criteria were age between 0.5 and 17 years at the time of chemotherapy, administration of moderately to highly emetogenic chemotherapy during an in-patient stay, CINV prophylaxis with granisetron only, with or without dexamethasone only (CG), or granisetron, with or without dexamethasone, and single-dose fosaprepitant (FG).

Exclusion criteria were metastatic disease or chemotherapy with a palliative approach, vomiting or the administration of antiemetic medication in the 24hrs prior to the start of chemotherapy, medication with aprepitant, ondansetron or other NK~1~R or 5-HT~3~R antagonists, allergy to NK~1~ or 5-HT~3~-antagonists, abnormal liver (AST and ALT \>2.5 times the upper normal limit) or kidney (serum creatinine \>2.5 times the upper normal limit) function in the 24hrs prior to chemotherapy, contraindication for corticosteroids and conditioning chemotherapy before hematopoietic stem cell transplantation.

The chemotherapy courses' emetogenic potential and their CINV risk were categorized using the scale proposed by Dupuis and colleagues.[@CIT0004] Each chemotherapy course's overall emetogenic potential was defined as that of the administered agent with the highest emetogenic potential.

The acute CINV phase was defined as the first 24hrs after the first administration of the chemotherapeutic agent with the highest emetogenic potential in the respective course. The delayed CINV phase was defined as the subsequent 96hrs period (\>24--120hrs after administration). The observation period included the acute and the delayed CINV phase.

Drug Administration {#S0002-S2003}
-------------------

In accordance with international guidelines, pediatric patients in the CG received an antiemetic prophylaxis with granisetron with (in the case of highly emetogenic chemotherapy) or without (in the case of moderately emetogenic chemotherapy) dexamethasone.[@CIT0005],[@CIT0006],[@CIT0020] Pediatric patients in the FG additionally received fosaprepitant. Fosaprepitant, granisetron and dexamethasone were all administered through a central venous catheter.

Fosaprepitant (4.0 mg per kg bodyweight; max. 150 mg) was administered as a single intravenous (IV) infusion within 30 mins, at least 1hr before the first administration of a moderately or highly emetogenic agent in the respective chemotherapy course.

Granisetron was administered at 2 x 40 µg per kg BW and day, on all the days on which chemotherapy was administered. Granisetron was given during the administration of moderately emetogenic chemotherapy as a slow IV injection within 3 mins and was initially given at least 30 mins before the start of each chemotherapy course.

Dexamethasone was only administered during highly emetogenic chemotherapy courses at 2 x 0.1 mg per kg BW (max. 2 x 4 mg/d as a single dose; IV infusion within 20 mins in combination with granisetron). Dexamethasone was administered on each day of the respective chemotherapy course on which highly emetogenic chemotherapy was administered and was started at least 30 mins before beginning a chemotherapy course.

Rescue medication with dimenhydrinate was administered as a short infusion through a central venous catheter (1.0 mg per kg BW three times per day, max. 3 x 62 mg), on demand.

Dimenhydrinate (0.1 mg/kg BW/d; max. 4.0 mg, max. 4 times per day) and levomepromazine (0.1 mg/kg BW/d; max. 0.2 mg/kg BW/d as 24 hr infusion) were used to treat breakthrough CINV.

Safety And Tolerance {#S0002-S2004}
--------------------

Adverse events during the observation period were registered and categorized as proposed by the United States National Cancer Institute's Common Terminology Criteria for Adverse Events (US NCI CTCAE).[@CIT0021]

Laboratory liver and kidney parameters and electrolytes were initially assessed on the first day of the in-patient stay prior to chemotherapy and antiemetic prophylaxis (Baseline); their maximums or minimums (Max/Min) and values at least 120hrs after the start of antiemetic prophylaxis (End) were assessed and analyzed. Normal serum concentrations of liver parameters were defined as: alanine aminotransferase (ALT) ≤39 U/L; aspartate aminotransferase (AST) ≤59 U/L; total bilirubin (normal range ≤1.1 mg/dL); direct bilirubin (normal range ≤0.3 mg/dL). Normal serum concentrations of kidney parameters were defined as creatinine ≤0.7 mg/dL and urea ≤46 mg/dL. Normal serum concentrations of electrolytes were defined as potassium 3.4--4.9 mmol/L; sodium 134 mmol/L - 145 mmol/L, and calcium 2.0--2.6 mmol/L.

An increase to \>1.5 and \>2.5-fold of the upper normal limits (ALT, AST, indirect bilirubin, direct bilirubin, creatinine and urea) was categorized as a clinically relevant increase beyond normal values. Likewise, clinically relevant changes in sodium concentrations were categorized by \<134 mmol/L or \<130 mmol/L, decreases in potassium were categorized by \<3.4 mmol/L or \<3.0 mmol/L, and decreases in calcium values were categorized by \<2.0 mmol/L or \<1.8 mmol/L. The results were used for comparisons with the baseline values.

Efficacy {#S0002-S2005}
--------

For the efficacy analysis, the occurrence of vomiting and doses of dimenhydrinate administered (on-demand medication) were assessed and analyzed with respect to the CINV phases and the overall emetogenic potential of all moderately or highly emetogenic chemotherapy courses.

Primary efficacy endpoints were the total number of vomiting events, the number of chemotherapy courses in which vomiting occurred, the proportion of patients who experienced vomiting or received dimenhydrinate, and the number of dimenhydrinate doses administered. These endpoints were analyzed and compared with respect to the CINV phase, the relevant study cohort and the emetogenic potential of the administered chemotherapy course.

Statistical Analysis {#S0002-S2006}
--------------------

Chi-square-tests (with Yates' continuity correction) and Fisher's exact test were used for 2-sample tests for equality of proportions and applied to the frequencies of clinical parameters in the two treatment groups (FG and CG). In addition, the package rateratio.test of R was used to compare the frequency of the vomiting events and the number of administered dimenhydrinate doses between the FG and the CG.

The statistical comparison of the differences between the results and the normal range values for the liver and kidney parameters, as well as electrolytes, was performed by one-sample paired t-tests or one-sample Wilcoxon signed rank tests (depending on the results of the Shapiro--Wilk normality test), taking into account the 95% confidence intervals (CI).

The inferential statistical analysis between the baseline values, as well as the maximum and minimum values was performed with the Wilcoxon matched pairs signed rank test. Differences were only considered to be significant if they were clinically relevant, ie, significantly below (sodium, calcium and potassium) the reference values or above them (all other parameters).

Graphs and statistical tests were created with GraphPad Prism for Windows, version 7 (GraphPad Software Inc., La Jolla, CA, USA), or with R (The R Foundation for Statistical Computing, Institute for Statistics and Mathematics, Wirtschaftsuniversität Wien, Austria). P-values of p\<0.05 (\*), p\<0.01 (\*\*), p\<0.001 (\*\*\*), and p\<0.0001 (\*\*\*\*) were defined as statistically significant and are illustrated in the bar charts.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

A total of 83 pediatric patients with a median age of 9 years (range 2--17) were enrolled in this analysis. Of these patients, 41 (49.4%) were enrolled in the fosaprepitant group (median age 9.5 years, range 2--17 years) and 42 (50.6%) were enrolled in the control group (median age 8 years, range 2--17 years).

The underlying diseases included acute lymphoblastic leukemia (ALL; n=15), acute myeloid leukemia (AML; n=3), astrocytoma (n=12), Burkitt lymphoma (n=5), choriocarcinoma (n=3), medulloblastoma (n=8), neuroblastoma (n=11), osteosarcoma (n=8), rhabdomyosarcoma (n=9) and other malignant neoplasms (n=9). The distribution of patient characteristics including age, sex and underlying disease was not significantly different in the two groups (p\>0.05) ([Table 1](#T0001){ref-type="table"}).Table 1Patient CharacteristicsFosaprepitant groupControl group\*p-value*N*=41*N*=42*n* (%)*n* (%)**Age \[years\]**0.5-\<20 (0.0)0 (0.0)-2-614 (34.1)15 (35.7)0.93597-1213 (31.7)13 (31.0)0.870913 - 1714 (34.1)14 (33.3)\>0.9999**Sex**male18 (43.9)20 (47.6)0.9049female23 (56.1)22 (52.4)0.9049**Diagnosis**ALL /ALL relapse6 (14.6)9 (21.4)0.6038AML2 (4.9)1 (2.4)0.6158Astrocytoma5 (12.2)7 (16.7)0.7895Burkitt lymphoma3 (7.3)2 (4.8)0.6758Choriocarcinoma3 (7.3)0 (0.0)0.1160Medulloblastoma4 (9.8)4 (9.5)\>0.9999Neuroblastoma6 (14.6)5 (11.9)0.7565Osteosarcoma4 (9.8)4 (9.5)\>0.9999Rhabdomyosarcoma4 (9.8)5 (11.9)\>0.9999Other4 (9.8)5 (11.9)\>0.9999[^2][^3]

Emetogenic Chemotherapy {#S0003-S2002}
-----------------------

All patients received chemotherapy courses with moderately or highly emetogenic chemotherapy. A total of 153 and 150 chemotherapy courses (not significantly different; p=0.908) were administered in the FG and the CG, respectively.

A median of 4 courses (range 1--4 courses) with a median duration of 4 days (range 1--9 days) were administered per patient in the CG and a median of 4 courses (range 1--4 courses) with a median duration of 4 days (range 1--8 days) in the FG. The chemotherapeutic agents used in these courses and the highest emetogenic potential of each course are summarized in [Table 2](#T0002){ref-type="table"}. In the FG, 116 of 153 courses (75.8%) included highly emetogenic agents (risk of emesis\>90%), and the other 37 courses (24.2%) contained moderately emetogenic agents (risk of emesis\>30--90%). In the CG, 117 of 150 courses (78.0%) included highly emetogenic agents, and the other 33 courses (22.0%) contained moderately emetogenic agents (risk of emesis\>30--90%). Significant differences could be detected in the administration of ifosfamide (p=0.0141) and irinotecan (0.0042) between the two cohorts. The significantly higher percentage of patients receiving irinotecan in the fosaprepitant group was caused by a significantly higher percentage of patients with relapsed neuroblastoma who received an irinotecan-based regimen ([Table 2](#T0002){ref-type="table"}). However, the percentages of highly and moderately emetogenic chemotherapy courses administered were not significantly different between the two cohorts (p=0.7532) ([Table 3](#T0003){ref-type="table"}).Table 2Emetogenic Potential Of ChemotherapyAgentEmetogenic potentialFosaprepitant groupControl groupp-value\*N=153 coursesN=150 courses*n* (%)*n* (%)Carboplatin433 (21.6)47 (31.3)0.0723Cisplatin429 (19.0)34 (22.7)0.5127Cyclophosphamide ≥ 1 g/m2422 (14.4)27 (18.0)0.4840Dacarbazin47 (4.6)5 (3.3)0.7952Dactinomycin413 (8.5)5 (3.3)0.0973Methotrexate ≥ 12 g/m246 (3.9)6 (4.0)0.9721Clofarabine37 (4.6)6 (4.0)0.8049Cyclophosphamide \< 1 g/m2314 (9.2)17 (11.3)0.6619Cytarabin326 (17.0)24 (16.0)0.9377Daunorubicin34 (2.6)4 (2.7)0.9774Doxorubicin318 (11.8)19 (12.7)0.9487Epirubicin32 (1.3)7 (4.7)0.1664Idarubicin30 (0.0)1 (0.7)0.9921Ifosfamide325 (16.3)10 (6.7)0.0141Methotrexate ≥ 250 mg to \< 12 g/m2323 (15.0)22 (14.7)0.9286Irinotecan310 (6.5)0 (0.0)0.0042Etoposid248 (31.4)48 (32.0)0.9066Mitoxantrone20 (0.0)2 (1.3)0.4694Topotecan21 (0.7)2 (1.3)0.9862Fludarabin12 (1.3)2 (1.3)0.9841Nelarabine10 (0.0)4 (2.7)0.1260Vinblastine17 (4.6)2 (1.3)0.1857Vincristin168 (44.4)70 (46.7)0.7849[^4][^5] Table 3Overall Emetogenic PotentialEmetogenic potentialFosaprepitant groupControl groupp-value\**N*=153 courses*N*=150 courses*n* (%)*n* (%)Moderately emetogenic chemotherapy (CINV risk \>30-90%)37 (24.2)33 (22.0)0.7532Highly emetogenic chemotherapy (CINV risk \>90%)116 (75.8)117 (78.0)0.7532[^6][^7]

Efficacy {#S0003-S2003}
--------

All the two groups' 303 chemotherapy courses were included in the efficacy analysis. In the acute and the delayed CINV phase, 13 (31.7%) and 16 (39.0%) of the 41 patients in the fosaprepitant group, experienced vomiting during moderately and highly emetogenic chemotherapy, compared to 30 (71.4%) and 29 (69.0%) of the 42 patients in the control group. The differences were significant for both the acute (p=0.0004) and the delayed (p=0.0083) CINV phases. When only those patients undergoing moderately emetogenic chemotherapy were considered, significantly fewer patients in the fosaprepitant group experienced vomiting during the acute phases (CG: n=10 (23.8%) vs FG: n=0 (0.0%); p=0.0011) but not during the delayed CINV phase (CG: n=7 (16.7%) vs FG: n=3 (7.3%); p=0.3126). Of those patients undergoing highly emetogenic chemotherapy, significantly fewer patients in the fosaprepitant group experienced vomiting during the delayed phase (CG: n=22 (52.4%) vs FG: n=11 (26.8%); p=0.0248) but not during the acute CINV phase (CG: n=20 (47.6%) vs FG: n=13 (31.7%); p=0.1797) ([Figure 1A](#F0001){ref-type="fig"}).Figure 1Antiemetic efficacy. During all courses with moderately emetogenic chemotherapy, granisetron with or without fosaprepitant (fosaprepitant or control group) was administered as antiemetic prophylaxis. During highly emetogenic chemotherapy courses, granisetron and dexamethasone with or without fosaprepitant (fosaprepitant or control group) was administered. (**A**) The graph shows the percentages of patients who experienced vomiting during the acute (0--24hrs after chemotherapy), and the delayed (\>24--120hrs after chemotherapy), CINV phases during antiemetic prophylaxis with single-dose fosaprepitant and granisetron with (highly emetogenic chemotherapy) or without (moderately emetogenic chemotherapy), dexamethasone (fosaprepitant group; FG), or granisetron with (highly emetogenic chemotherapy) or without (moderately emetogenic chemotherapy), dexamethasone alone (control group; CG). Results are presented for all patients receiving moderately or highly emetogenic chemotherapy ("Total"), and also separately for patients receiving moderately emetogenic chemotherapy or highly emetogenic chemotherapy alone. The percentages of all patients experiencing vomiting were significantly higher in the CG during the acute (p=0.0004) and the delayed (p=0.0083) CINV phases, compared to the FG. (**B**) The graph shows the proportion of chemotherapy courses, as a percentage, in which vomiting occurred during the two study groups' acute and the delayed CINV phases. The results are shown for all courses of moderately or highly emetogenic chemotherapy (Total), or divided into courses of either moderately or highly, emetogenic chemotherapy. The percentage of all courses with vomiting, during the acute (p\<0.0001), and the delayed (p=0.0004), CINV phases, was significantly higher for the CG compared to the FG. (**C**) The graph shows the number of vomiting events during the acute and the delayed CINV phases, for both study groups. The results are presented for all courses of moderately or highly emetogenic chemotherapy (Total) or divided into courses of either moderately or highly emetogenic chemotherapy. The total number of vomiting events during the acute (p\<0.0001) and the delayed (p\<0.0001) CINV phases, was significantly higher for the CG compared to the FG.**Notes:** Symbols indicate n.s.:, not significant; \*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001; \*\*\*\*p\<0.0001.

Analyzing the data with respect to the chemotherapy courses, vomiting occurred in significantly more moderately and highly emetogenic chemotherapy courses during the acute phase (CG: 68 of 150 courses (45.3%) vs FG: 36 of 153 courses (23.5%); p\<0.0001) and the delayed phase (CG: 71 of 150 courses (47.3%) vs FG: 42 of 153 courses (27.5%); p=0.0004). Vomiting occurred during significantly fewer moderately emetogenic chemotherapy courses in the fosaprepitant group during the acute phase (CG: n=16 (10.7%) vs FG: n=2 (1.3%); p=0.0005) but not in the delayed (CG: n=17 (11.3%) vs FG: n=13 (8.5%); p=0.4462) CINV phase. For highly emetogenic chemotherapy courses, vomiting occurred in significantly fewer chemotherapy courses in the fosaprepitant group during the acute phase (CG: n=52 (34.7%) vs FG: n=34 (22.2%); p=0.0215) and the delayed (CG: n=54 (36.0%) vs FG: n=29 (19.0%); p=0.0012) CINV phase ([Figure 1B](#F0001){ref-type="fig"}).

In the control group, the median number of vomiting events per course, during the courses in which vomiting occurred, was 2 (range 1--10) in the acute and 4 (range 1--21) in the delayed CINV phases. In the fosaprepitant group, the median number of vomiting events was 3 (range 1--3) during the acute and 3 (range 1--13) during the delayed CINV phases. The total number of vomiting events registered during moderately and highly emetogenic chemotherapy was significantly higher in the CG during the acute phase (142/CG vs 23/FG events; ratio=6.2; p\<0.0001), the delayed phase (255/CG vs 71/FG events; ratio=3.6; p\<0.0001), and both CINV phases (397/CG vs 94/FG events; ratio=4.2; p\<0.0001), compared to the FG. In the control group, 31 and 76 vomiting events were recorded during moderately emetogenic chemotherapy, in the acute and the delayed phases, compared with 0 and 3 events (ratio=25.3), respectively, in the fosaprepitant group. The differences were significant (p\<0.0001). During highly emetogenic chemotherapy, 111 and 179 vomiting events were registered during the acute and the delayed phases in the control group, compared with 23 (ratio=4.8) and 68 (ratio=2.6) events, respectively, in the fosaprepitant group. The differences were significant (p\<0.0001). ([Figure 1C](#F0001){ref-type="fig"}).

A median of 4 dimenhydrinate doses (range 1--21 doses) were administered per chemotherapy course in the control group and a median of 1 dose (range 1--11 doses) in the fosaprepitant group, during all the moderately and highly emetogenic chemotherapy courses analyzed. Considered separately, a median of 4 doses (range 1--19) and 1 dose (range 1--11) were administered in the control group and the fosaprepitant group, respectively, during moderately emetogenic chemotherapy. In comparison, a median of 4 doses (range 1--21) and 1 dose (range 1--11) were administered in the control group and the fosaprepitant group, respectively, during highly emetogenic chemotherapy. During moderately and highly emetogenic chemotherapy, a total of 320 dimenhydrinate doses were administered in the control group, significantly more doses (p\<0.0001) than the 114 doses in the fosaprepitant group. The results were similar for moderately emetogenic chemotherapy alone, with 53 (CG) versus 34 (FG) dimenhydrinate doses administered (p=0.0426), as well as during highly emetogenic chemotherapy alone, with 267 (CG) versus 80 (FG) administered doses (p\<0.0001) ([Figure 2A](#F0002){ref-type="fig"}).Figure 2Rescue medication. The graph shows the number of doses of dimenhydrinate administered, (**A**) as well as the percentage of patients receiving dimenhydrinate (**B**, left) and the percentage of chemotherapy courses in which dimenhydrinate was administered (**B**, right), during moderately and/or highly emetogenic chemotherapy, for the patients in the fosaprepitant and the control groups. Significantly fewer doses of dimenhydrinate were administered in the fosaprepitant group, compared to the control group (p\<0.0001). There was no significant difference in the relative number of patients receiving dimenhydrinate between the two groups (p\>0.05). However, the percentage of chemotherapy courses in which dimenhydrinate was administered, was significantly higher in the control group compared with the fosaprepitant group, both during all chemotherapy courses (p\>0.0001) and during highly emetogenic chemotherapy alone (p\<0.0001).**Notes:** Symbols indicate \*p\<0.05; \*\*\*\*p\<0.0001.

No significant difference could be detected when analyzing the data for the patients who received dimenhydrinate during one or more chemotherapy course of moderately and highly emetogenic chemotherapy (CG: 33 of 42 patients; 78.6% vs FG: 27 of 41 patients; 65.9%; p=0.2942), of moderately emetogenic chemotherapy alone (CG: 5 of 42 patients; 11.9% vs FG: 3 of 41 patients; 7.3%; p=0.7368), or of highly emetogenic chemotherapy alone (CG: 28 of 42 patients; 66.7% vs FG: 24 of 41 patients; 58.5%; p=0.5902) ([Figure 2B](#F0002){ref-type="fig"}). However, when analyzing the data with respect to the chemotherapy courses, dimenhydrinate was administered in significantly more (p\<0.0001) chemotherapy courses in the control group (79 of 150; 52.7%), compared to the fosaprepitant group (45 of 153; 29.4%). The differences were not statistically significant (p=0.9606) during moderately emetogenic chemotherapy (emetogenic potential of 3), with 12 of 150 courses (8.0%) of the control group and 11 of 153 courses (7.2%) of the fosaprepitant group. However, for highly emetogenic chemotherapy (emetogenic potential of 4), dimenhydrinate was administered in significantly more (p\<0.0001) chemotherapy courses in the control group (67 of 150; 44.7%), compared to the fosaprepitant group (34 of 153; 22.2%) ([Figure 2B](#F0002){ref-type="fig"}).

Safety And Tolerance {#S0003-S2004}
--------------------

None of the patients died during the observation period and the discontinuation of antiemetic prophylaxis was not indicated for any of the patients. Changes in the analyzed laboratory parameters were not significantly different between the two cohorts ([Table 4](#T0004){ref-type="table"}, [Figure 3](#F0003){ref-type="fig"}). Increases in ALT ≥1.5-fold of the upper normal value (39 U/L) were seen in 12.4% (n=19) of the FG patients' chemotherapy courses and in 19.3% (n=29) of the CG patients' courses. ALT increases ≥2.5-fold of the upper normal value were observed in 2.0% (n=3) of the FG's courses and in 3.3% (n=5) of the CG's courses. Increases in AST ≥1.5-fold of the upper normal limit (59 U/L) were seen in 3.3% (n=5) and 9.3% (n=14) of the FG and the CG courses, respectively. However, the mean and median AST and ALT levels did not increase significantly (p\>0.05) beyond the upper normal limits.Table 4Adverse EventsLaboratory markersFosaprepitant groupControl groupp-value\*N=153 coursesN=150 courses*n* (%)*n* (%)increase ALT \| normal value: ≤39 U/L≥1.5 x normal value (≥58.5 U/L)19 (12.4)29 (19.3)0.1850≥2.5 x normal value (≥97.5 U/L)3 (2.0)5 (3.3)0.0960increase AST \| normal value: ≤59 U/L≥1.5 x normal value (≥88.5 U/L)5 (3.3)14 (9.3)0.0662≥2.5 x normal Value (≥147.5 U/L)0 (0.0)0 (0.0)-increase indirect bilirubin \| normal value: ≤1.1 mg/dL≥1.5 x normal value (≥1.65 mg/dL)0 (0.0)3 (2.0)0.2577≥2.5 x normal value (≥2.75 mg/dL)0 (0.0)0 (0.0)-increase direct bilirubin \| normal value: ≤0.3 mg/dL≥1.5 x normal value (≥0.45 mg/dL)2 (1.3)11 (7.3)0.0212≥2.5 x normal value (≥0.75 mg/dL)0 (0.0)1 (0.7)0.9921increase creatinine \| normal value: ≤0.7mg/dL≥1.5 x normal value (≥1.05 mg/dL)4 (2.6)0 (0.0)0.1214≥2.5 x normal value (≥1.75 mg/dL)0 (0.0)0 (0.0)-increase urea \| normal value: ≤46mg/dL≥1.5 x normal value (≥69 mg/dL)0 (0.0)0 (0.0)-≥2.5 x normal value (≥115 mg/dL)0 (0.0)0 (0.0)-decrease potassium \| normal value: 3.4 - 4.9 mmol/L\<3.4 mmol/L10 (6.5)21 (14.0)0.0676\<3.0 mmol/L0 (0.0)0 (0.0)-decrease calcium \| normal value: 2.0 - 2.6 mmol/L\<2.0 mmol/L0 (0.0)0 (0.0)-\<1.8 mmol/L0 (0.0)0 (0.0)-decrease sodium \| normal value: 134 -145 mmol/L\<134 mmol/L13 (8.5)19 (12.7)0.3973\<130 mmol/L0 (0.0)0 (0.0)-N=153 coursesN=150 courses**Clinical events***n* (%)*n* (%)Headache2 (1.3)0 (0.0)0.4686Sweating3 (2.0)1 (0.7)0.6288Hiccups2 (1.3)0 (0.0)0.4686Constipation4 (2.6)3 (2.0)0.7219[^8][^9] Figure 3Liver/kidney parameters and electrolytes. The graph shows median values +95% confidence interval (CI) of transaminases ALT (**A**) and AST (**B**), total bilirubin (**C**), direct bilirubin (**D**), creatinine (**E**), Urea (**F**), potassium (**G**), calcium (**H**) and sodium (**I**) on the day before the start of emetogenic chemotherapy (Baseline), maximum/minimum values during (Max/Min) and at the end (End) of the analysis period. Normal values are indicated by dotted lines. Mean and median values of the analyzed parameters did not increase or decrease beyond the normal values. Statistical significance was tested by the Wilcoxon matched-pairs signed-rank test.

It was possible to detect increases ≥1.5-fold of the upper normal limit of indirect bilirubin during 2.0% (n=3) of the CG's chemotherapy courses. There was no significant difference between the two groups' results (p=0.1201). Increases in direct bilirubin were significantly different (p=0.0106) between the two study groups, occurring in 1.3% (n=2) and 7.3% (n=11) of the FG and the CG courses, respectively. However, neither the CG nor the FG's median and mean, direct and indirect, bilirubin values (baseline, maximum and end point values), increased beyond the normal values. Renal parameters did not relevantly change and only affected 4 of 153 courses (2.6%) in the FG, with increased creatinine ≥1.5-fold of the upper normal limit. No further increases in creatinine or urea, ≥1.5-fold or 2.5-fold of the upper normal value, could be detected in either study group. The differences were not statistically significant (p\>0.5). The median and mean creatinine and urea values (baseline, maximum and end point values) of both the CG and the FG did not increase beyond the normal values.

No clinically relevant decreases in single values of potassium below 3.0 mmol/L, sodium below 130 mmol/L or calcium below 2.0 mmol/L, could be detected in either study group.

Similarly, clinical adverse events were low in both study groups and included headache (FG: n=2 vs CG: n=0), sweating (FG: n=3 vs CG: n=1), hiccups (FG: n=2 vs CG: n=0) and constipation (FG: n=4 vs CG: n=3). No neuropathy symptoms were observed in either group. The occurrence of adverse clinical events was not significantly different in the two study groups (p\>0.05; [Table 3](#T0003){ref-type="table"}).

Discussion {#S0004}
==========

To the best of our knowledge, this is the first report on the use of an antiemetic prophylaxis regimen with intravenous fosaprepitant and granisetron, with or without dexamethasone, in pediatric patients receiving moderately or highly emetogenic chemotherapy.

Oral administration of drugs to pediatric patients is often difficult, eg, in younger children and infants or due to chemotherapy-related adverse effects, such as oral complications (eg, mucositis) or CINV.[@CIT0022]--[@CIT0024] The availability of the intravenous form of aprepitant is therefore a suitable alternative for children who cannot or do not want to take oral aprepitant. Several controlled trials with adult patients have proven the superior efficacy and a favorable side effects profile of an antiemetic prophylaxis regimen with additional intravenous fosaprepitant, in comparison to a prophylaxis regimen with 5-HT~3~R antagonists and corticosteroids alone.[@CIT0012],[@CIT0013],[@CIT0025]--[@CIT0029]

The use of fosaprepitant in pediatric patients was initially reported in 2014 in a retrospective chart analysis: seven patients with a median age of 14 years (13--17 years) and emetogenic chemotherapy tolerated and responded well to intravenous fosaprepitant. No drug-related side effects were observed.[@CIT0030] A chart analysis of 35 pediatric patients (0.8--18 years of age) showed that an antiemetic CINV prophylaxis with the 5-HT~3~R antagonist ondansetron and fosaprepitant (4 mg/kg BW), led to a complete emesis control during the acute phase (89% of the patients), the delayed phase (63% of the patients) and both CINV phases (60% of the patients).[@CIT0017] A recently published randomized, double-blind placebo-controlled trial substantiated these findings: 163 pediatric patients between 1 and 12 years of age who were receiving moderately or highly emetogenic chemotherapy received a CINV prophylaxis regimen with ondansetron (before start of chemotherapy: intravenously, 1x0.15--0.3 mg/kg; max. 16 mg \| after chemotherapy: orally, administered hourly; total dose 0.3 mg/kg per 8hrs), dexamethasone (before start of chemotherapy: intravenously, 1x0.075 mg/kg \| after chemotherapy: orally, administered hourly; total dose 0.15 mg/kg per 8hrs) and a placebo (control group) or with ondansetron, dexamethasone and fosaprepitant (as a single dose prior to chemotherapy; 3 mg/kg bodyweight; therapy group). Complete control (absence of vomiting) was significantly higher (p\<0.001) in the therapy group than the control group during the acute phase (86% vs 60%), the delayed phase (79% vs 51%) and both CINV phases (70% vs 41%).[@CIT0016]

Likewise, the fosaprepitant-based regimen was seen to be similarly effective in this analysis, with 68% and 61% of the patients not experiencing vomiting in the acute and the delayed CINV phases, respectively, as opposed to 29% and 31% in the control group. Analyzing the chemotherapy courses in which no vomiting occurred, the fosaprepitant-based regimen was also superior, compared with a prophylaxis regimen with granisetron (and dexamethasone) alone, with 76% and 72% in the two CINV phases in the fosaprepitant group, compared with 55% and 53% in the control group, respectively. Additional fosaprepitant could achieve a complete absence of vomiting during moderately emetogenic chemotherapy, for almost all patients or chemotherapy courses during the acute CINV phase. The most striking result was the significant reduction of vomiting events during the antiemetic prophylaxis with fosaprepitant in the acute (6.2-fold reduction), and the delayed (3.6-fold reduction) CINV phases, compared to the control group. The ratios in the acute (0 vs 31 events), and the delayed (25.3-fold reduction), CINV phases were most pronounced during moderately emetogenic chemotherapy courses. Analyzing all moderately and highly emetogenic chemotherapy courses, the number of dimenhydrinate doses administered were 2.8-fold lower under fosaprepitant; during moderately emetogenic chemotherapy by 1.6-fold, and during highly emetogenic chemotherapy by 3.3-fold.

The fosaprepitant dose reported in this observational study (4 mg/kg BW) is higher than the current FDA-approved pediatric dose (3 mg/kg BW).[@CIT0014] However, there was no significant difference in potential regimen-related adverse events between the two study cohorts, which is in accordance with previously reported data.[@CIT0016],[@CIT0017] A simultaneous administration of ifosfamide and aprepitant or fosaprepitant, can potentially cause neurological side effects, such as seizures or neuropathy, as has been shown in several studies.[@CIT0031]--[@CIT0034] In this study, fosaprepitant was administered during 25 of the 153 (22.3%) chemotherapy courses containing ifosfamide. Neurological adverse events were not observed during these courses. However, fosaprepitant was no longer administered during ifosfamide chemotherapy because of the experiences of, and recommendations from, other study sites and the later published data.[@CIT0032] New or different, potential, fosaprepitant-related adverse events, as described in previous studies, were not observed.[@CIT0015],[@CIT0016],[@CIT0028],[@CIT0035]

Since this study was conducted in a non-randomized, observational setup, the conclusions that can be drawn are limited. Due to inconsistencies in the chart documentation and the difficulties with younger pediatric patients (under 4 years of age) reporting nausea, a valid assessment of nausea was not possible. Therefore, the efficacy analysis was based on the registered vomiting events only. Prospective randomized controlled trials are needed to evaluate these findings and to increase the evidence of the results.

Conclusion {#S0005}
==========

Antiemetic prophylaxis with single-dose fosaprepitant (4.0 mg/kg) in addition to granisetron with or without dexamethasone was safe, effective and favorable tolerated in pediatric patients receiving moderately or highly emetogenic chemotherapy, compared to the standard regimen of granisetron (and dexamethasone) alone. In particular, the total number of vomiting events recorded and the doses of rescue medication (dimenhydrinate) administered during moderately and highly emetogenic chemotherapy were significantly reduced by additional, single-dose fosaprepitant, underlining the clinical benefit of this regimen for the patients and the medical staff treating them.
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[^2]: **Notes:** \*P-value determined by the two-tailed Chi-square test with Yate's correction.

[^3]: **Abbreviations:** ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; n, sample size; N, study cohort size; p, probability value No statistically significant difference between the two cohorts (p\>-0.05).

[^4]: **Notes:** The table shows the emetogenic potentials of the administered chemotherapeutic agents in the two study groups. The emetogenic potential of each chemotherapy course was determined by the administered agent with the highest emetogenic potential. Emetogenic potentials were defined as proposed by the POGO classification guidelines: minimal -- stage 1 (CINV risk \<10%); low -- stage 2 (CINV risk 10-30%); moderate -- stage 3 (CINV risk \>30-90%); and high -- stage 4 (CINV risk \>90%).[@CIT0004] \*P-value determined by two-tailed Chi-square test with Yate's correction or Fisher's exact test.

[^5]: **Abbreviations:** CINV, chemotherapy-induced nausea and vomiting; g/m^2^, grams per square meter body surface area; mg, milligram; n, sample size; N, total number of analyzed courses; p, probability value.

[^6]: **Notes:** The table shows the distribution of the overall emetogenic potentials of the administered chemotherapeutic agents in the two study groups. The emetogenic potential of each chemotherapy course was determined by the administered agent with the highest emetogenic potential. Emetogenic potentials were defined as proposed by the POGO classification guidelines: minimal -- stage 1 (CINV risk \<10%); low -- stage 2 (CINV risk 10-30%); moderate -- stage 3 (CINV risk \>30-90%); and high -- stage 4 (CINV risk \>90%).[@CIT0004] During all courses with moderately emetogenic chemotherapy, granisetron with or without fosaprepitant (fosaprepitant or control group) was administered as antiemetic prophylaxis. During highly emetogenic chemotherapy courses, granisetron and dexamethasone with or without fosaprepitant (fosaprepitant or control group) were administered. \*P-value determined by two-tailed Chi-square test with Yate's correction or Fisher's exact test.

[^7]: **Abbreviations:** n, sample size; N, total number of analyzed courses; p, probability value.

[^8]: **Notes:** \*P-value determined by two-tailed Chi-square test with Yate's correction or Fisher's exact test.

[^9]: **Abbreviations:** ALT, alanine aminotransferase; AST, aspartate aminotransferase; mg/dL, milligram per deciliter; mmol/L, millimole per liter; n, sample size; N, total number of analyzed courses; p-value, probability value; U/L, Units per liter.
